We study the reaction NN → NNΦ slightly above the threshold within an extended one-boson exchange model which also accounts for uud knock-out. It is shown that polarization observables, like the beam-target asymmetry, are sensible quantities for identifying a ss admixture in the nucleon wave function on the few per cent level.
Introduction:
The investigation of the NN → NNΦ reaction is interesting for several reasons. First, the elementary total cross section [1, 2] is an important input for the calculation of the Φ production in heavy-ion collisions [3] . In this case one might expect some change of the Φ width [4] due to the coupling to the decay channel Φ → K + K − and peculiarities according to the in-medium modification of the kaon properties [5, 6] . Indeed, such measurements are under way with the 4π detector FOPI at SIS in GSI/Darmstadt [7] . The electromagnetic decay channel Φ → e + e − will be investigated with the spectrometer HADES [8] also in GSI. Note, that a threshold-near measurement of the total cross section of the reaction pp → ppΦ has been performed at SATURNE [9] and precision measurements of polarization observables are envisaged with the ANKE spectrometer at the cooler synchrotron COSY in Jülich [10] .
Second, the Φ meson is thought to consist mainly of strange quarks, i.e. ss, with a rather small contribution of the light u, d quarks. According to the OZI rule [11] the Φ production should be suppressed if the entrance channel does not possess a considerable admixture of hidden or open strangeness. Indeed, the recent experiments on the proton annihilation at rest, pp → ΦX (cf. [12] for a compilation of data), point to a large apparent violation of the OZI rule, which is interpreted [12] as a hint to an intrinsic ss component in the proton. Analyses of the πN sigma term [13] also suggest that the proton might contain a strange quark admixture as large as 20%.
It would be important and interesting to look for another clear signal [12, 14] that might be related directly with the strangeness content of nucleons. In ref. [15] it is shown that the polarization observables in the Φ photoproduction are sensitive even to a small strangeness admixture in the proton. Other investigations concern the polarization observables in pp → ppΦ reactions at the threshold [12, 16] . It is found [16] that spin and parity conservation arguments result in a precise prediction for the beam-target asymmetry C BT zz for the pp → ppΦ reaction at the threshold,
where S i is the total spin in the entrance channel. It is also claimed [16] that the decay matrix density amounts ρ 00 = 0,
, where the quantization axis is directed along the velocity of the Φ meson. Real experiments, however, are performed at some finite energy above threshold, therefore the questions arise (i) how are the threshold predictions modified above threshold (say in the order of 100 MeV), and (ii) how sensitive are polarization observables to a certain strangeness admixture in the proton wave function.
In this Letter we answer these questions. We show that the finite-energy modification of the asymmetry is rather strong and that the strangeness component modifies the previous predictions. We study both the pp → ppΦ and the pn → pnΦ reactions.
We assume here that in the threshold-near region the strongest contributions to the reaction come from the conventional one-boson exchange mechanism and the uud knockout by exchanged mesons, similar to the Φ photoproduction and electroproduction [15, 17] .
(We do not consider here the ss knock-out, thereby assuming that the corresponding meson-ss-Φ coupling constants are small.) Both reaction channels are depicted in fig. 1 as Feynman diagrams. We use the notation p α = (E α , p α ) with α = a, b, c, d for the four-momenta of nucleons, and q = (E Φ , q)) for the produced Φ meson in the center of mass system (c.m.s. 
while the Φρπ Lagrangian is
where Tr(ρπ) = ρ 0 π 0 + ρ + π − + ρ − π + , and bold face letters denote isovectors. All coupling constants are dressed by monopole form factors
, where k i is the four-momentum of the exchanged meson.
The total invariant OBE amplitude is the sum of 4 amplitudes
where the last two terms stem from the antisymmetrization or from charged meson exchange for pp or pn reactions, respectively. The first term in eq. (4) reads explicitly
with 
The differential cross section is related to the invariant amplitude T f i via
where the energy E c of particle c in the c.m.s. is defined by
Φ , C = 2q cos ϑ qpc , where ϑ qpc is the angle between q and p c . Both solutions in eq. (8) are to be taken into account.
Fixing parameters:
The coupling constant g Φ→ρπ is determined by the Φ → ρπ decay. Taking the most recent value Γ(Φ → ρπ)=0.69 MeV [18] we get g Φρπ =1.10 GeV −1 .
The laboratory kinetic energy of the initial proton in the region with
That is a quite large beam energy for the usual OBE model and, therefore, one must use energy dependent coupling constants. We use the minimal energy dependence of ref. [19] , where each mesonnucleon coupling constant is modified by a cut-off factor, i.e.
We shall employ two sets of the OBE model parameters: set I relies on the Bonn OBE model as listed in Table B.1 (Model II) of Ref. [20] , and set II uses the results of ref. [19] . The cut-off parameter Λ π Φρπ is adjusted by a comparison of additional calculations and data [21] for the π − p → nΦ reaction. We find Λ ρ Φρπ = 1.9 GeV for set I, and ∞ for set II. These relatively large cut-off values are in agreement with the pion photoproduction [22] and photon emission from the V πγ (V = ρ, ω) vertices in NN bremsstrahlung [23] . Our cut-off parameter in set I is greater then the one found in ref. [2] because we use energy-suppressed coupling constants and we have a negative interference between vector and tensor parts in the pnρ vertex which is intimately related to the definition of the Lagrangian eq. (2). Note that we describe the data [21] in a limited region of 
with ξ 
where B 2 denotes the strangeness admixture in the proton, and a fig. 1b reads
where D µν is the propagator and Γ ν is the vertex function when the exchanged mesons are ρ and ω; the Lorentz indices at the vertex and propagator disappear for π and σ exchange. The T matrix is calculated in the rest frame of the decaying nucleon and is expressed via the two-body scattering T matrix and the transition amplitude by
(z is the momentum fraction carried by the uud cluster) with the abbreviations
where q * is the Φ momentum in the laboratory system,q * m denotes its projected unit vector in the circular basis, and V (k) stands for the wave function of the relative mo-
Φ,c is the corresponding Lorentz factor which reflects the Lorentz contraction in the relativistic constituent model. In our calculations we use a Gaussian distribution V (x) = Nx exp(−x 2 /2Ω) with √ Ω = 2.41 fm −1 [15, 17] . The final amplitude contains the sum over all exchanged mesons and consists of 2 direct and 2 exchange amplitudes for the pp reaction, and 2 direct and 0 (ω, σ) or 2 (π, ρ) exchange amplitudes for the pn reaction to be taken with their proper isospin factors.
The corresponding amplitudes in the Φ helicity basis can be obtained by 
In the threshold limit the beam-target asymmetry is 1 (pp reaction) or ∼ 0 (pn reaction). σ tot pn /σ tot pn depends on the model for the two-body T matrix, and in our case it is close to 1. The Φ spin density matrix elements here coincide with the conventional OBE model predictions.
Results:
Our result for the total cross section in the pp reaction is shown in fig. 2 .
The lower (upper) solid lines correspond to the conventional OBE channel for the set I with One can see that up to ∆ ∼ 1 GeV the cross section is described fairly well by the phase space integral alone. The space between upper solid and dashed curves indicates upper and lower limits for the OBE model prediction. In spite of the fact that the OBE model is reliable in the region of ∆ ≤ 0.2 GeV it fits satisfactorily the available experimental data [9, 25] in a much wider interval. The cross section for the pn reaction is greater by a factor ≃ 5 as given already in our threshold-near prediction above. Open squares and black dots show the predictions for the knock-out channel within the OBE model with sets I and II, respectively, and a strangeness probability B 2 = 0.01. The distance between them is indicative for the accuracy of the theoretical prediction. Taking into account that, contrary to set II, the set I overestimates the elastic NN scattering at
by a factor of 20 · · · 40, the prediction based on set II seems to be more realistic. So, we can conclude, that the difference between conventional OBE and knock-out channels for the total cross section is about two orders of magnitude at ∆ ≃ 0.1 GeV for B 2 = 1%.
However, in the differential cross section this ratio changes, because the knock-out model predicts a large enhancement for the Φ production in forward and backward directions when the recoil nucleons move along the z axis. In this case the difference between two channels drastically decreases and becomes a factor 5 · · · 8. The interference between these two channels is negligible, and in coplanar geometry it disappears because the OBE amplitude is real, while the knockout amplitude is imaginary since the exchanged meson is absorbed by the 5-quark component in the proton wave function. The same as in fig. 3 but for the reaction pn → pnΦ.
